Rock climbing has become increasingly more popular in the USA over the past two decades. Accordingly, with increased participation comes an increase in climbingrelated injuries. Rooks et al noted that three-quarters of elite and recreational climbers will suffer upper extremity injuries, approximately 60% involving the hand or wrist and 40% divided evenly between the shoulder and elbow. Most of these injures will be strains, microtrauma, and tendonitis; however, 30-50% represent trauma to the proximal interphalangeal region. The purpose of this study was to investigate the biomechanical properties of the A2 and A4 pulley and compare biomechanical properties among gender and digit. A specially designed materials testing machine, shown in the included figure, measured maximum breaking load, displacement and stiffness of the A2 and A4 pulleys of ten cadaveric hands using an S hook to apply a steady force until complete pulley rupture. The A2 and A4 biomechanical properties of breaking load, displacement, and stiffness did not significantly differ among the index, middle, ring, and little fingers. Additionally, there was no significant difference in A2 or A4 pulley biomechanics between male and female specimens. The A2 and A4 pulleys among differing digits and genders have similar biomechanical properties in regards to maximum breaking load, displacement, and stiffness.
Introduction
Over the last two decades, the sport of rock climbing has become increasingly more popular in the USA. The rock climbing community estimates that nearly 300,000 Americans have climbed a rock wall. In fact, climbing walls are sprouting up everywhere, from specialized training centers to luxury cruise ships and local county fairs. Accordingly, with increased participation comes an increase in climbingrelated injuries. Rooks et al noted that three quarters of elite and recreational climbers will suffer upper extremity injuries, approximately 60% involving the hand or wrist and 40% divided evenly between the shoulder and elbow. Most of these injures will be strains, microtrauma, and tendonitis; however, 30-50% represent trauma to the proximal interphalangeal region [1] . One such injury, known as climber's finger, representing closed traumatic rupture of the A2 pulley, was first documented in 1990 by Bollen and Tropet in two separate case reports [2, 3] . Since then, there has been a movement aimed at prevention and treatment of climber's finger.
Several methods for injury prevention such as stretching, supportive circumferential taping, and education of proper climbing technique have enjoyed variable success [4] . In addition, treatment options range from conservative measures to open surgical repair advocated in some instances for the elite climber.
Although a retrospective study by Logan showed no significant difference in incidence or type of injury among gender at the clinical level, this subject led to our investigation [5] . A biomechanical comparison of A2 and A4 pulleys among gender and digit was carried out to identify any gender specific susceptibility to A2 pulley rupture. Moreover, it is widely recognized that the middle and ring fingers are most commonly associated with traumatic A2 rupture. The purpose of this study was to investigate the biomechanical properties of the A2 and A4 pulley and compare biomechanical properties among gender and digit.
Materials and Methods
The study design involved dissection of four male and six female preserved cadaveric hands. Specimens were dissected and mounted on a material testing machine (MTM) with a specifically designed jig for phalangeal fixation (Fig. 1 ). The cadaveric A2 and A4 pulley of the index, middle, ring, and little finger was then loaded to failure, and absolute values for stiffness, yield displacement, yield load, ultimate displacement, and ultimate load to failure were recorded to allow for comparison of these properties among specimens. Although in vivo and fresh specimen pulleys would likely exhibit different biomechanical values than those obtained in this study, our comparison is based on absolute values used for relative comparison only among cadaveric specimens.
In total, 40 A2 and 36 A4 flexor tendon pulleys were tested. Notably, the A4 pulley in four female little finger specimens could not be meaningfully studied as the hook of the MTM was too large to slide beneath the pulley without rupture. The data collected for each pulley was grouped by specific finger and then separated into male and female specimens for relative value biomechanical comparison.
Results
The mean values for the biomechanical properties of the A2 and A4 pulley were ranked and compared. In general, the values for the A2 pulley of the middle and index finger were higher then the other digits for all parameters.
A2 Pulley Mechanics Comparison Among Digits
The A2 pulley values for the middle digit ranked highest in four of the five parameters tested and that of the index ranked second highest in three of five. With respect to stiffness, the index ranked first ahead of the middle. The ring finger was consistently the lowest ranked digit according to all parameters except stiffness where only the little finger was less stiff. The above-noted trends suggest subtle differences in the properties among digits, although these differences were not statistically significant (Table 1) .
A2 Pulley Between Gender
According to gender, the female A2 pulley of the middle, ring, and little finger ranked ahead of the respective male pulley. The male index ranked ahead of the female index in stiffness, yield load, and ultimate displacement. These differences were not statistically significant (Table 1) .
A4 Pulley
In general, the index ranked ahead of all digits in each parameter tested except stiffness where the middle ranked first. The middle and ring finger each ranked second in two of the parameters tested. The A4 pulley of the little finger was not included in the ranking as measurements were technically difficult to perform. The values for each parameter tested were not statistically different ( Table 2) .
A4 Pulley Between Gender
According to gender, the female A4 pulley of the index and middle ranked ahead of the respective male pulley in every parameter tested. The male ring finger ranked ahead of the female in yield displacement and yield load. These gender differences were not statistically significant ( Table 2) .
Discussion
In the general population, injuries to the flexor tendon pulley system are relatively rare, although they are very common among rock climbers. In fact, Logan reported on the experience of 545 climbers and reported that 8% had been diagnosed with specific A2 pulley ruptures [5] . Several studies have described the biomechanical properties of the A2 and A4 pulleys which are regarded as the most important for preventing bowstringing and providing mechanical advantage during finger flexion, leading to our analysis of these pulleys [6] [7] [8] .
It is widely accepted that the middle and ring fingers are most susceptible to A2 pulley rupture in the setting of rock climbing Figure 1 Specimens were dissected and mounted on a material testing machine with a specifically designed jig for phalangeal fixation. [5, 9] . This is likely due to differing forces exerted on the A2 pulleys of differing digits as a result of traditional grip and climbing technique; however, there is limited data directly comparing the biomechanical properties of these pulleys against one another. Additionally, the vast majority of documented A2 pulley rupture occurs in men. This can be expected as rock climbing tends to be a predominantly male activity. Nevertheless, it is worthwhile to explore possible inherent biomechanical differences in the pulleys across gender.
Investigation of the overall A2 pulley strength among varying digits showed that the ring finger was consistently the weakest and least stiff with rare exception ( Table 1) . Evaluation of overall A4 pulley strength among varying digits showed the index was consistently stronger and stiffer than all other digits with rare exception ( Table 2) . Although parameter differences in this study were not statistically different, investigators have demonstrated that the ring and middle finger are most prone to injury during climbing [5, 9] . A follow-up study with a larger sample size might bear out the observed trend of A2 ring finger pulley weakness and further explain why the ring finger is so prone to injury. With respect to gender, the female A2 pulley of the middle and ring ranked ahead of the respective male pulley, whereas the male index ranked ahead of the female in most categories ( Table 1 ). The female A4 pulley of the index and middle ranked ahead of the respective male pulley in every parameter tested (Table 2) . Although parameter differences were not statistically significant, further investigation may demonstrate a biomechanical gender difference in the A2 and A4 flexor tendon pulley system.
